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COLLISION DETERMINATION PROGRAMAND 
COLLISION DETERMINATION APPARATUS 

CROSS REFERENCE OF RELATED 
APPLICATION 

0001. The disclosure of Japanese Patent Application No. 
2005-057658 is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a technology for 
making a determination on a collision of objects in a virtual 
space displayed as a two-dimensional image. 
0004 2. Description of the Background Art 
0005 There are technologies for making a determination 
on a collision of three-dimensional objects in a virtual 
three-dimensional space. According to Such technologies, 
the three-dimensional objects are approximated to spherical 
or other cubic shapes, and it is determined whether the 
three-dimensional objects have collided against each other 
or not based on whether the approximate cubic (for example, 
spherical) shapes overlap or not. Such technologies can 
reduce the amount of calculations required for a collision 
determination as compared to a method of using shapes 
accurately reflecting the objects. 
0006 Japanese Laid-Open Patent Publication No. 
10-165648 describes a technology of approximating objects 
to an elliptic spherical Surface body. Japanese Laid-Open 
Patent Publication No. 7-152807 describes a technology of 
approximating objects to a spherical shape to perform rough 
checking and then approximating objects which have a 
possibility of interfering with each other to at least one 
fundamental cubic shape to perform precise checking. Japa 
nese Laid-Open Patent Publication No. 7-230559 describes 
a technology of approximating objects to a great number of 
different spherical shapes. 
0007. The technology described in Japanese Laid-Open 
Patent Publication No. 10-165648 occasionally makes a 
determination on a collision more precisely than the tech 
nology of approximating the objects to a simple spherical 
shape, but often cannot make an appropriate determination 
on a collision due to certain conditions. The technology 
described in Japanese Laid-Open Patent Publication No. 
7-152807 requires precise checking in addition to rough 
checking, which increases the amount of calculations. The 
technology described in Japanese Laid-Open Patent Publi 
cation No. 7-230559 requires a determination on a collision 
to be made on a great number of different spherical shapes 
for one object, which increases the amount of calculations. 

SUMMARY OF THE INVENTION 

0008. Therefore, a main object of the present invention is 
to realize a collision determination suitable for individual 
situations while Suppressing an increase in the amount of 
required calculations. 
0009. The present invention has the following features to 
attain the object mentioned above. The reference numerals, 
figure numbers, additional explanations and the like in 
parentheses in this section of the specification indicate the 
correspondence with the embodiment described later for 
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easier understanding of the present invention, and do not 
limit the present invention in any way. 
0010. A first aspect of the present invention is directed to 
a computer-readable storage medium having a collision 
determination program stored thereon for determining 
whether or not a first object (dog A) and a second object (dog 
B) have collided against each other in a virtual space 
displayed by display means (12). The collision determina 
tion program (41) causes a computer (21) to execute an 
updating step (S12), a first setting step (S16), a second 
setting step (S16), and a collision determination step (S22). 
The updating step updates position information (51) of the 
first object or the second object stored in storage means (24). 
The first setting step sets a collision determination area 
(FIG. 8A through FIG. 8F), for the first object, which has 
a shape different from the shape of the first object and has 
a size and/or a position different in accordance with a state 
of the first object or a state around the first object (states A 
through Fin FIG. 7). The second setting step sets a collision 
determination area for the second object. The collision 
determination step determines whether or not the first object 
and the second object have collided against each other by 
determining whether or not the collision determination area 
set for the first object in the first setting step and the collision 
determination area set for the second object in the second 
setting step overlap each other. The virtual space may be 
two-dimensional or three-dimensional. The first object and 
the collision determination areas may be two-dimensional or 
three-dimensional. The collision determination area may be, 
for example, spherical, rectangular parallelepiped, or ellip 
tical. For the first object, one collision determination area 
may be set or a plurality of collision determination areas 
may be set. The “position of the collision determination 
area for the first object is a position relative to the first 
object. The collision determination area for the second 
object may have a different shape from the shape of the 
second object, or the exact shape of the second object may 
be used as the collision determination area for the second 
object. 
0011. In a second aspect based on the first aspect, the 
collision determination area set for the first object in the first 
setting step has a shape simpler than the shape of the first 
object. 
0012. In a third aspect based on the first aspect, the 
collision determination area set for the first object in the first 
setting step is formed of one sphere. 
0013 In a fourth aspect based on the first aspect, the 
collision determination area set for the first object in the first 
setting step is different in the size and/or the position in 
accordance with whether the first object (dog A) and a third 
object (Frisbee (trademark)) are combined with each other 
(state E in FIG. 7, FIG. 8E) or not (FIG. 8A). The state in 
which the first object and the third object are “combined 
with each other refers to a state in which the first object and 
the third object exist in an integral manner while being in 
contact or in connection with each other. 

0014. In a fifth aspect based on the fourth aspect, the 
collision determination area set for the first object in the first 
setting step includes at least a part of the third object when 
the first object and the third object are combined with each 
other (FIG. 8E). 
0015. In a sixth aspect based on the first aspect, the 
collision determination area set for the first object in the first 
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setting step is smaller when the first object is permitted to 
contact another object (state D in FIG. 7, FIG. 8D) than 
when the first object is not permitted to contact another 
object (FIG. 8A). The expression “permitted to contact 
another object” refers to “permitted to approach another 
object closer than usual. For example, in the case where the 
first object is a dog, this expression refers to a state in which 
the dog is trying to fawn with another dog. 
0016. In a seventh aspect based on the first aspect, the 
collision determination area set for the first object in the first 
setting step is different in the size and/or the position in 
accordance with a current position of the first object or the 
positional relationship between the first object and another 
object. 
0017. In an eighth aspect based on the first aspect, the 

first setting step includes a step of reading a reference 
collision determination area for the first object which is set 
with a predetermined size and at a predetermined position 
from the storage means, and a step of changing the size 
and/or the position of the read reference collision determi 
nation area in accordance with the state of the first object or 
the state around the first object. The step of changing may 
change the size and/or the position of the reference collision 
determination area by referring to a table, which defines a 
change amount in the size and the position of the collision 
determination area (a change amount from the reference 
collision determination area) for each of the conceivable 
states of the first object or each of the conceivable states 
around the first object. The “change amount from the 
reference collision determination area' in the table may be 
defined numerically or by a function for obtaining the 
change amount. 
0018. In a ninth aspect based on the first aspect, the 
collision determination area is set for the first object in the 
first setting step by referring to a collision determination 
area table (44, FIG. 7) which defines the size and the 
position of a collision determination area for each of con 
ceivable states of the first object or each of conceivable 
states around the first object. The “size and the position of 
a collision determination area’ in the collision determination 
area table may be defined by the values representing the size 
and the position or by a function for obtaining the size and 
the position. 

0019. In a tenth aspect based on the first aspect, the 
collision determination program further causes the computer 
to execute a moving step (S30) and an outputting step (S34). 
When the first step and the second step are determined to 
have collided against each other in the collision determina 
tion step, the moving step further updates the position 
information (51) of the first object or the second object 
stored in the storage means, thereby moving at least one of 
the first object and the second object to a position at which 
the collision determination area for the first object and the 
collision determination area for the second object do not 
overlap each other. The outputting step generates an image 
including the first object and the second object by referring 
to the position information (51) of the first object or the 
second object stored in the storage means, and outputs the 
image to the display means. 
0020. An eleventh aspect of the present invention is 
directed to a collision determination apparatus for determin 
ing whether or not a first object and a second object have 
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collided against each other in a virtual space displayed by 
display means. The collision determination apparatus (10) 
comprises the display means (12), storage means (24), 
updating means (21, S12), first setting means (21, S16), 
second setting means (21, S16), and the collision determi 
nation means (21, S22). The storage means stores position 
information (51) of at least the first object and the second 
object. The updating means updates the position information 
of the first object or the second object stored in storage 
means. The first setting means sets a collision determination 
area (FIG. 8A through FIG. 8F), for the first object, which 
has a shape different from the shape of the first object and 
has a size and/or a position different in accordance with a 
state of the first object or a state around the first object (states 
A through F in FIG. 7). The second setting means sets a 
collision determination area for the second object. The 
collision determination means determines whether or not the 
first object and the second object have collided against each 
other by determining whether or not the collision determi 
nation area set for the first object and the collision determi 
nation area set for the second object overlap each other. 
0021 According to the first aspect of the present inven 
tion, at least one of the size and the position of the collision 
determination area for the first object changes in accordance 
with the state of, or the state around, the first object. 
Therefore, an appropriate collision determination can be 
performed in accordance with the state of, or the state 
around, the first object. 
0022. According to the second aspect of the present 
invention, the collision determination is performed using a 
shape simpler than the shape of the first object. Therefore, 
the amount of calculations required for the collision deter 
mination can be reduced. 

0023. According to the third aspect of the present inven 
tion, the amount of calculations required for the collision 
determination can be significantly reduced. 
0024. According to the fourth aspect of the present inven 
tion, the collision determination area for the first object can 
be appropriately set in accordance with whether the first 
object and the third object are combined with each other or 
not. 

0025. According to the fifth aspect of the present inven 
tion, when the first object and the third object are combined 
with each other, the collision determination area for the first 
object is set so as to include apart of, or the entirety of the 
third object. By performing the collision determination on 
the first object against another object using Such a collision 
determination area, the collision determination on the third 
object against the another object can be omitted. Therefore, 
it is not necessary to separately perform a collision deter 
mination on the first object against the another object and a 
collision determination on the third object against the 
another object. As a result, the amount of calculations 
required for the collision determination can be reduced. 
0026. According to the sixth aspect of the present inven 
tion, an inconvenience that, for example, the first object and 
another object are only displayed as being separate from 
each other although the two objects are permitted to contact 
each other, can be avoided. 
0027 According to the seventh aspect of the present 
invention, when, for example, the first object approaches a 
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narrow passage interposed between obstacles, the collision 
determination area for the first object can be appropriately 
Set. 

0028. According to the eighth aspect of the present 
invention, by appropriately changing the size or the position 
of the reference collision determination area, substantially 
the same effect as that provided by the first aspect is 
provided. 

0029. According to the ninth aspect of the present inven 
tion, the collision determination area can be appropriately 
set by referring to the collision determination area table. 
0030. According to the tenth aspect of the present inven 
tion, each object can be displayed on the display Screen 
while the positions of the objects are controlled such that the 
objects do not interfere with each other, based on the result 
of the collision determination. 

0031. These and other objects, features, aspects and 
advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0032 FIG. 1 is an external view of a game apparatus 
according to one embodiment of the present invention; 

0033 FIG. 2 is a block diagram showing an internal 
structure of the game apparatus according to the embodi 
ment of the present invention; 

0034) 
0035 FIG. 4 shows an example of the locations of a 
virtual camera and objects in a virtual three-dimensional 
Space; 

0.036 FIG. 5 shows an example of a game image dis 
played on a second LCD: 

FIG. 3 shows a memory map of a RAM; 

0037 FIG. 6 shows an example of object information; 
0038 FIG. 7 shows an example of a collision determi 
nation area table; 

0.039 FIG. 8A shows an example of how a collision 
determination area is set in the state where the dog is on all 
fours; 

0040 FIG. 8B shows an example of how a collision 
determination area is set in the state where the dog is 
Standing: 

0041 FIG. 8C shows an example of how a collision 
determination area is set in the state where the dog is sitting: 

0.042 FIG. 8D shows an example of how a collision 
determination area is set in the state where the dog is trying 
to fawn with another dog; 

0.043 FIG. 8E shows an example of how a collision 
determination area is set in the state where the dog is holding 
a Frisbee (trademark) in his mouth; 
0044 FIG. 8F shows an example of how a collision 
determination area is set in the state where the dog is trying 
to pass through a narrow passage; 
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0045 FIG. 9 is a flowchart showing processing per 
formed by the game apparatus; 

0046 FIG. 10 is a flowchart showing the details of 
collision determination area setting processing: 

0047 FIG. 11 shows a collision determination method 
and a method for calculating a moving vector, and 

0048) 
VectOrS. 

FIG. 12 shows a method for synthesizing moving 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0049. Hereinafter, a structure and an operation of a game 
apparatus according to one embodiment of the present 
invention will be described. 

0050 FIG. 1 is an external view of a game apparatus 
according to one embodiment of the present invention. In 
FIG. 1, a game apparatus 10 includes a first LCD (Liquid 
Crystal Display) 11 and a second LCD 12. A housing 13 
includes an upper housing 13a and a lowerhousing 13b. The 
first LCD is accommodated in the upper housing 13a, and 
the second LCD is accommodated in the lower housing 13b. 
The first LCD 11 and the Second LCD 12 both have a 
resolution of 256 dotsx.192 dots. In this embodiment, LCDs 
are used as display devices, but the present invention is 
applicable to apparatuses using other arbitrary display 
devices such as EL (Electro Luminescence) devices or the 
like. The display devices may have any resolution. 
0051. The upper housing 13a has speaker holes 18a and 
18b for releasing a Sound from a pair of speakers (repre 
sented with reference numerals 30a and 30b in FIG. 2) 
described later. 

0052 The lower housing 13b has a cross-shaped switch 
14a, a start switch 14b, a select switch 14c, an Abutton 14d. 
a B button 14e, an X button 14f a Y button 14g, an L button 
14L and an R button 14R provided thereon as input ele 
ments. A touch panel 15 is attached to a screen of the second 
LCD 12 as an additional input element. The lower housing 
13b has a power switch 19 and insertion holes for accom 
modating a memory card 17 and a stick 16. 

0053. The touch panel 15 may be of any system; for 
example, a resistance film system, an optical (infrared) 
system, or a static capacitance coupling system. The touch 
panel 15 has a function of, when a surface thereof is touched 
with the Stick 16, outputting coordinate data corresponding 
to the position of the surface touched by the stick 16. 
Hereinafter, the player operates the touch panel 15 using the 
stick 16. Alternatively, the player may operate the touch 
panel 15 using a pen (stylus pen) or his/her finger instead of 
the stick 16. In this embodiment, the touch panel 15 has a 
resolution of 256 dotsx 192 dots (detection precision) like 
the second LCD 12. It is not absolutely necessary that the 
touch panel 15 has the same resolution as that of the second 
LCD 12. 

0054 The memory card 17 is a storage medium having a 
game program stored thereon, and is detachably attachable 
into the insertion hole of the lower housing 13b. 

0055) Next, with reference to FIG. 2, an internal structure 
of the game apparatus 10 will be described. 
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0056. In FIG. 2, a CPU core 21 is mounted on an 
electronic circuit board 20 accommodated in the housing 13. 
The CPU core 21 is connected to a connector 23 via a bus 
22 and is also connected to an input/output interface circuit 
(represented as “I/F circuit” in FIG. 2) 25, a first GPU 
(Graphics Processing Unit) 26, a second GPU 27, a RAM 24 
and an LCD controller 31. The memory card 17 is detach 
ably connected to the connector 23. The memory card 17 
includes a ROM 17a having a game program stored thereon 
and a RAM 17b having backup data rewritably stored 
thereon. The game program stored on the ROM 17a of the 
memory card 17 is loaded onto the RAM 24, and the game 
program loaded onto the RAM 24 is executed by the CPU 
core 21. The RAM 24 stores temporary data obtained by the 
execution of the game program by the CPU core 21 and data 
for generating game images, as well as the game program. 
The I/F circuit 25 is connected to the touch panel 15, a right 
speaker 30a, a left speaker 30b, and an operation switch 
section 14 including the cross switch 14a, the Abutton 14d 
and the like shown in FIG. 1. The right speaker 30a and the 
left speaker 30b are respectively located inside the speaker 
holes 18a and 18b. 

0057 The first GPU 26 is connected to a first VRAM 
(Video RAM) 28, and the second GPU 27 is connected to a 
second VRAM 29. In response to an instruction from the 
CPU core 21, the first GPU 26 generates a first game image 
based on the data for generating a game image stored on the 
RAM 24, and draws the first game image in the first VRAM 
28. Similarly, in response to an instruction from the CPU 
core 21, the second GPU 27 generates a second game image 
and draws the second game image in the second VRAM 29. 
The first VRAM 28 and the Second VRAM 29 are connected 
to the LCD controller 31. 

0058. The LCD controller 31 includes a register 32. The 
register 32 stores the value of “0” or “1” in accordance with 
an instruction from the CPU core 21. When the value in the 
register 32 is “0”, the LCD controller 31 outputs the first 
game image drawn in the first VRAM 28 to the first LCD 11, 
and outputs the second game image drawn in the second 
VRAM 29 to the second LCD 12. When the value in the 
register 32 is “1”, the LCD controller 31 outputs the first 
game image drawn in the first VRAM 28 to the second LCD 
12, and outputs the second game image drawn in the second 
VRAM 29 to the first LCD 11. 

0059. The above-described structure of the game appa 
ratus 10 is merely exemplary. The present invention is 
applicable to any information processing apparatus includ 
ing a display device. A game program according to the 
present invention may be Supplied to an information pro 
cessing apparatus via an external memory medium Such as 
the memory card 17 or the like, or via a wired or wireless 
communication line. A game program may be pre-stored on 
a non-volatile memory device in an information processing 
apparatus. 

0060 FIG. 3 shows a memory map of the RAM 24. A 
storage area of the RAM 24 is roughly divided into a 
program storage area and a data storage area. 
0061 Onto the program storage area, a game program 41 

is loaded from the ROM 17a of the memory card 17. The 
game program 41 includes, for example, a program code for 
automatically controlling objects in a virtual three-dimen 
sional space in accordance with a predetermined algorithm 
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and a program code for performing collision determination 
processing using collision determination areas described 
later based on a predetermined collision determination for 
mula. 

0062). In the data storage area, camera setting information 
42, object information 43 and a collision determination area 
table 44 are stored. 

0063. The camera setting information 42 includes various 
set values regarding a virtual camera located in the virtual 
three-dimensional space. Such various set values represent, 
for example, the location coordinates, the tilt (rotation 
angle), the direction (viewing direction), and the viewing 
angle of the virtual camera. FIG. 4 shows an example of the 
position at which the virtual camera is located in the virtual 
three-dimensional space. On the second LCD 12, objects 
located in the virtual three-dimensional space (in the 
example shown in FIG. 4, dog A, dog B and the ground) as 
viewed from the virtual camera are displayed as a game 
image. FIG. 5 shows Such a game image displayed on the 
second LCD 12 based on the virtual camera in FIG. 4. 
Methods for generating an image in a virtual three-dimen 
sional space based on a virtual camera are well-known and 
will not be described in detail herein. Briefly, the coordinates 
of apexes of an object (more accurately, the coordinates of 
apexes of a polygon forming the object) represented in a 
world coordinate system are converted into coordinates in a 
camera coordinate system based on the virtual camera, and 
are then subjected to perspective projection transformation. 
As a result, the coordinates of the apexes are converted into 
coordinates in a screen coordinate system. 
0064. The object information 43 represents various types 
of information regarding the objects located in the virtual 
three-dimensional space. The object information 43 is 
shown in FIG. 6 in detail. In this embodiment, dog A, dog 
B, dog C, a Frisbee (trademark), wall A, and wall B are 
prepared as objects which may be located in the virtual 
three-dimensional space. In this embodiment, a dog located 
in the virtual three-dimensional space autonomically moves 
in the virtual three-dimensional space in accordance with a 
predetermined automatic control algorithm as if the dog 
moved at its own will. 

0065. As shown in FIG. 6, the object information 43 for 
dog A includes shape data, texture data, location coordinates 
51, state data 52, and collision determination area data 53. 

0066. The shape data represents the shape of an object 
(dog A in this case). For example, the shape data represents 
coordinates of the apexes of a polygon forming the object. 
Texture data is image data pasted on the polygon forming the 
object. 

0067. The location coordinates 51 are the location coor 
dinates of dog A in the virtual three-dimensional space, and 
are updated whenever necessary based on the above-de 
scribed automatic control algorithm. 

0068 The state data 52 represents the state of dog A or 
the state around dog A. In this embodiment, the state of dog 
A or the state around dog A are provided as one of six states 
(states A through F) shown in FIG. 7. The state data 52 is 
also updated whenever necessary based on the above-de 
scribed automatic control algorithm, like the location coor 
dinates 51. 



US 2006/0200314 A1 

0069. The collision determination area data 53 represents 
the position and the size of a collision determination area 
which is set for dog A in order to determine whether dog. A 
has contacted another object or not. In this embodiment, 
collision determination processing regarding dogs A through 
dogs C is performed using spherical collision determination 
areas. Accordingly, as the collision determination area data 
53, only the coordinates of the center and the radius of the 
sphere used as the collision determination area of dog A need 
to be stored. 

0070 Regarding dogs B and C, substantially the same 
information is stored as the object information 43. 
0071 Regarding the Frisbee (trademark), the object 
information 43 includes shape data, texture data, location 
coordinates, and collision determination area data. The 
shape data, the texture data, and the location coordinates are 
Substantially the same as those for the dogs. A collision 
determination area of the Frisbee (trademark) may have any 
shape, but in this embodiment, is disc-shaped. As the col 
lision determination area data of the Frisbee (trademark), the 
position and the shape of the disc-shaped collision determi 
nation area are stored. The shape data itself of the Frisbee 
(trademark) may be used as the collision determination area 
data. 

0072 Regarding walls A and B, substantially the same 
information as that of the Frisbee (trademark) is stored as the 
object information 43. 
0073. The collision determination area table 44 shown in 
FIG. 3 is referred to in order to determine a collision 
determination area to be set for each dog. The collision 
determination area table 44 is shown in FIG. 7 in detail. 

0074 As shown in FIG. 7, the collision determination 
area table 44 defines the center position and the radius of the 
collision determination area for each of states A through F. 
0075 For example, for state A (in which the dog is on all 
fours), a sphere shown in FIG. 8A having the center thereof 
at the chest of the dog and having a radius of 30 is provided 
as the collision determination area. 

0.076 For state B (in which the dog is standing), a sphere 
shown in FIG. 8B having the center thereof at the hip of the 
dog and having a radius of 10 is provided as the collision 
determination area. As can be appreciated from this, the size 
of the collision determination area is Smaller and the posi 
tion of the collision determination area is closer to the feet 
of the dog when the dog is standing than when the dog is on 
all fours. With Such an arrangement, the other dogs can 
approach within an appropriate distance from the standing 
dog, and the dogs appear to move naturally. 
0.077 For state C (in which the dog is sitting), a sphere 
shown in FIG. 8C having the center thereof at the chest of 
the dog and having a radius of 20 is provided as the collision 
determination area. As can be appreciated from this, the size 
of the collision determination area is Smaller when the dog 
is sitting than when the dog is on all fours. With such an 
arrangement, the other dogs can approach within an appro 
priate distance from the sitting dog, and the dogs appear to 
move naturally. 

0078 For state D (in which the dog is trying to fawn with 
another dog), a sphere shown in FIG. 8D having the center 
thereof at the chest of the dog and having a radius of 10 is 
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provided as the collision determination area. As can be 
appreciated from this, the size of the collision determination 
area is Smaller when the dog is trying to fawn with another 
dog (i.e., trying to approach the another dog closer than 
usual) than when the dog is on all fours. With such an 
arrangement, the dog can approach quite close to the another 
dog Such that the two dogs appear to the player to fawn with 
each other. Thus, the dogs appear to move naturally. 
0079 For state E (in which the dog is holding the Frisbee 
(trademark) in his mouth), a sphere shown in FIG. 8E 
having the center thereof at the head of the dog and having 
a radius of 40 is provided as the collision determination area. 
With Such an arrangement, it is not necessary to perform two 
types of collision determination, i.e., a determination on 
whether or not the Frisbee and dog B have collided against 
each other and a determination on whether or not dog A and 
dog B have collided against each other. It is only necessary 
to perform the latter. Therefore, the amount of calculations 
required for the collision determination can be reduced. 
0080 For state F (in which the dog is approaching a 
narrow passage), a sphere shown in FIG. 8F having the 
center thereof at the chest of the dog and having a radius of 
10 is provided as the collision determination area. With such 
an arrangement, an unnatural-looking situation, in which the 
dog is stuck before the passage and stops moving although 
the dog appears to be able to pass through the passage, can 
be avoided. 

0081. Hereinafter, with reference to the flowcharts in 
FIG. 9 and FIG. 10, the processing of the CPU core 21 
based on the game program 41 will be described. 
0082 In FIG.9, when the execution of the game program 
41 is started, the CPU core 21 locates the virtual camera and 
the objects at initial positions in step S10. 
0083. In step S12, a motion of each dog (action pattern) 

is determined in accordance with a predetermined automatic 
control algorithm. The position (location coordinates 51) 
and the posture of each dog are updated whenever necessary 
in accordance with the determined motion. 

0084. In step S14, the state of each dog is determined in 
accordance with the posture of the dog at that point (on all 
fours, standing, sitting, or holding the Frisbee (trademark) in 
his mouth) or the action pattern determined based on the 
automatic control algorithm (trying to fawn with another 
dog, or trying to pass through a narrow passage). Based on 
the determination result, the state data 52 in the RAM 24 is 
updated. 

0085. In step S16, a collision determination area is set 
based on the state of each dog determined in step S14. 
Hereinafter, with reference to FIG. 10, the collision deter 
mination area setting processing will be described in detail. 
0086. In FIG. 10, when the collision determination area 
setting processing is started, the CPU core 21 selects a dog 
as the target for which a collision determination area is to be 
set in step S40. In this embodiment, dog A is selected as the 
target. 

0087. In step S42, the state data 52 of dog A as the target 
is read from the RAM 24. 

0088. In step S44, the collision determination area table 
44 shown in FIG. 7 stored in the RAM 24 is referred to, and 
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as a result, the center position and the radius of the collision 
determination area corresponding to the state data 52 which 
was read in step S42 are obtained. Based on the center 
position and the radius obtained, the collision determination 
area data 53 for dog A is updated. The center position is 
defined as the position relative to the dog in FIG. 7, whereas 
the center of the collision determination area data is stored 
in the RAM 24 in the form of the coordinates in the world 
coordinate system. Therefore, in step S44, the coordinates of 
the center of the collision determination area are converted 
into the coordinates in the world coordinate system. 
0089. In step S46, it is determined whether or not the 
collision determination areas have been set for dogs. A 
through C. When the collision determination areas have 
been set for all the dogs, the collision determination area 
setting processing is terminated. The procedure goes to step 
S18 in FIG.9. When there is at least one dog for which the 
collision determination area has not been set, the processing 
returns to step S40, and the above-described processing is 
performed for Such a dog. As a result, the collision deter 
mination area data 53 for all the dogs in the RAM 24 is 
updated. 

0090. In step S18 shown in FIG. 9, a dog as a target of 
collision determination processing is selected. In this 
embodiment, dog A is selected as the target. 
0091. In step S20, from all the objects except for dog A. 
one object is selected as the target of determination on 
collision against dog A. In other words, it will be determined 
whether dog A has collided against Such an object or not in 
the collision determination processing. In this embodiment, 
dog B is selected as the target. 
0092. In step S22, it is determined whether or not the 
object selected in step S18 (dog A in this embodiment) and 
the object selected in step S20 (dog B in this embodiment) 
have collided against each other. Specifically, this determi 
nation is performed as follows. The collision determination 
area data of dog A and the collision determination area data 
of dog B stored in the RAM 24 are referred to, and it is 
determined whether or not the collision determination area 
for dog A and the collision determination area for dog B 
overlap each other (i.e., whether or not the areas are con 
nected to each other), using a predetermined collision deter 
mination formula. For example, as shown in FIG. 11, the 
radius of the collision determination area for dog A is “a”, 
the radius of the collision determination area for dog B is 
“b', and the distance between the center of the collision 
determination area for dog A and the center of the collision 
determination area for dog B is “c”. When a--b>c, it is 
determined that dog A and dog B have collided against each 
other. When it is determined that the object selected in step 
S18 (dog A in this embodiment) and the object selected in 
step S20 (dog B in this embodiment) have collided against 
each other, the procedure goes to step S24. When it is 
determined that the dogs did not collide against each other, 
the procedure goes to step S26. 
0093. In step S24, a moving vector is calculated for 
moving the object selected in step S18 (dog A in this 
embodiment) to a position at which the collision determi 
nation area for the object selected in step S18 (dog A in this 
embodiment) and the collision determination area for the 
object selected in step S20 (dog B in this embodiment) do 
not overlap each other. For example, when the collision 
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determination area for dog A and the collision determination 
area for dog B are at the positional relationship shown in 
FIG. 11, the moving vector of dog A is directed from the 
center of the collision determination area for dog B toward 
the center of the collision determination area for dog A and 
has a size of a--b-c. A moving vector calculated in this 
manner is temporarily stored in an appropriate storage area 
in the RAM 24. 

0094) In step S26, it is determined whether or not the 
collision determination on dog Aagainst all the other objects 
(all the objects except for dog A in this embodiment) has 
been completed. When completed, the procedure goes to 
step S28. When not, the procedure returns to step S20, and 
the above-described processing is performed for the 
object(s) on which the collision determination has not be 
completed. In this embodiment, during the repetition of 
steps S20 through S24, as shown in FIG. 12, it is detected 
that the collision determination area for dog A and the 
collision determination area for dog C overlap each other. 
0095. In the case where, as a result of repeating steps S20 
through S24, a plurality of moving vectors are calculated in 
step S24, the moving vectors are synthesized in step S28. 
For example, in the case of FIG. 12, moving vector B for 
avoiding the collision determination area for dog A and the 
collision determination area for dog B from overlapping 
each other, and moving vector C for avoiding the collision 
determination area for dog A and the collision determination 
area for dog C from overlapping each other, are synthesized 
to calculate a moving vector (synthesized moving vector) 
which represents the direction in which and the amount by 
which dog. A needs to be moved. 
0096. In step S30, the location coordinates 51 of the 
object selected in step S18 (dog A in this embodiment) and 
the moving vector synthesized in step S28 are added 
together. As a result, the object (dog A) is moved to a 
position at which dog A does not collide against any other 
object. In the case where, as a result of repeating steps S20 
through S24, only one moving vector is calculated in step 
S24, the moving vector is used to update the location 
coordinates 51. In the case where no moving vector is 
calculated in step S24, it is not necessary to update the 
location coordinates 51. 

0097. In step S32, it is determined whether or not the 
collision determination processing has been completed for 
dogs A through C (i.e., whether or not all the dogs have been 
selected as the target of the collision determination process 
ing in step S18). When completed, the procedure goes to 
step S34. When not, steps S18 through S30 are repeated for 
the dog(s) for which the collision determination has not been 
completed. 
0098. In step S34, a game image as shown in FIG. 5 is 
generated based on the location coordinates 51 of each dog 
updated in step S30. The game image generated in step S34 
is temporarily stored in a frame buffer (not shown) and then 
is displayed on the second LCD 12 at a predetermined 
timing. 
0099. In step S36, it is determined whether or not the 
player has instructed to terminate the game. Steps S12 
through S36 are repeated at a period of, for example, 60/1 
second until the player instructs to terminate the game. 
0100. As described above, according to the present 
invention, since spherical collision determination areas are 
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used to perform a collision determination, the amount of 
calculations required for the collision determination is sig 
nificantly reduced. Since the size and the position of the 
sphere change appropriately in accordance with the state of 
the dogs or the state around the dogs, the dogs move more 
naturally. 

0101. In this embodiment, the collision determination on 
objects in a virtual three-dimensional space is described. The 
present invention is not limited to this and is applicable to 
the collision determination on objects in a virtual two 
dimensional space. 

0102) In this embodiment, one sphere is set as a collision 
determination area of one object. The present invention is 
not limited to this. A plurality of spheres may be set as 
collision determination areas of one object, and the size 
and/or the position of at least one of the spheres may be 
changed in accordance with the state of, or the state around, 
the object. A collision determination area is not limited to a 
sphere, and may be of any shape which is simpler than the 
shape of the object. Preferable shapes of a collision deter 
mination area other than a sphere include an ellipse, rect 
angle parallelepiped, and cylinder. 

0103) In this embodiment, the position or the size of the 
collision determination area varies for each of six states 
(states A through F) shown in FIG. 7. The present invention 
is not limited to this. For example, when setting a collision 
determination area of an object (for example, a first object), 
the position or the size of the collision determination area 
may be changed in accordance with the current position of 
the first object (for example, in the case of FIG. 8F, in 
accordance with whether or not dog A has entered an area in 
the vicinity of the passage), or in accordance with the 
positional relationship between the first object and another 
object (for example, in the case of FIG. 8F, in accordance 
with whether or not dog A has approached both of obstacle 
A and obstacle B by a certain distance or greater). The 
collision determination area may be changed in accordance 
with a temperature in the vicinity of the first object (a 
temperature virtually set in the virtual three-dimensional 
space). 

0104. In this embodiment, as shown in FIG. 7, the size of 
a collision determination area for each state is defined 
numerically. The present invention is not limited to this. The 
size of a collision determination area may be defined by a 
function. For example, the size of a collision determination 
area may be changed in proportion to the distance from the 
ground to the top of the head of the dog. This is also 
applicable to the center position of a collision determination 
aca. 

0105. In this embodiment, as shown in FIG. 7, the center 
position and the size of a collision determination area for 
each state are defined by actual values. The present inven 
tion is not limited to this. For example, the collision deter 
mination area for the state in which the dog is on all fours 
(state A in FIG. 7) may be set as a reference collision 
determination area. In this case, the collision determination 
areas for the other states may be set using a collision 
determination area table, which defines the offset direction 
and offset amount of the center position of each collision 
determination area and the difference in size of each colli 
sion determination area with respect to the reference colli 
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sion determination area. In this case, for example, the radius 
of the collision determination area for state B in FIG. 7 is 
defined as “-20. 

0106 While the invention has been described in detail, 
the foregoing description is in all aspects illustrative and not 
restrictive. It is understood that numerous other modifica 
tions and variations can be devised without departing from 
the scope of the invention. 

What is claimed is: 
1. A computer-readable storage medium having a colli 

sion determination program stored thereon for determining 
whether or not a first object and a second object have 
collided against each other in a virtual space displayed by 
display means, the collision determination program causing 
a computer to execute: 

an updating step of updating position information of the 
first object or the second object stored in storage 
means, 

a first setting step of setting a collision determination area 
for the first object, the collision determination area 
having a shape different from the shape of the first 
object and having a size and/or a position different in 
accordance with a state of the first object or a state 
around the first object; 

a second setting step of setting a collision determination 
area for the second object; and 

a collision determination step of determining whether or 
not the first object and the second object have collided 
against each other by determining whether or not the 
collision determination area set for the first object in the 
first setting step and the collision determination area set 
for the second object in the second setting step overlap 
each other. 

2. A computer-readable storage medium according to 
claim 1, wherein the collision determination area set for the 
first object in the first setting step has a shape simpler than 
the shape of the first object. 

3. A computer-readable storage medium according to 
claim 1, wherein the collision determination area set for the 
first object in the first setting step is formed of one sphere. 

4. A computer-readable storage medium according to 
claim 1, wherein the collision determination area set for the 
first object in the first setting step is different in the size 
and/or the position in accordance with whether the first 
object and a third object are combined with each other or 
not. 

5. A computer-readable storage medium according to 
claim 4, wherein the collision determination area set for the 
first object in the first setting step includes at least a part of 
the third object when the first object and the third object are 
combined with each other. 

6. A computer-readable storage medium according to 
claim 1, wherein the collision determination area set for the 
first object in the first setting step is smaller when the first 
object is permitted to contact another object than when the 
first object is not permitted to contact another object. 

7. A computer-readable storage medium according to 
claim 1, wherein the collision determination area set for the 
first object in the first setting step is different in the size 
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and/or the position in accordance with a current position of 
the first object or the positional relationship between the first 
object and another object. 

8. A computer-readable storage medium according to 
claim 1, wherein the first setting step includes a step of 
reading a reference collision determination area for the first 
object which is set with a predetermined size and at a 
predetermined position from the storage means, and a step 
of changing the size and/or the position of the read reference 
collision determination area in accordance with the state of 
the first object or the state around the first object. 

9. A computer-readable storage medium according to 
claim 1, wherein the collision determination area is set for 
the first object in the first setting step by referring to a 
collision determination area table which defines the size and 
the position of a collision determination area for each of 
conceivable states of the first object or each of conceivable 
states around the first object. 

10. A computer-readable storage medium according to 
claim 1, wherein the collision determination program further 
causes the computer to execute: 

a moving step of, when the first step and the second step 
are determined to have collided against each other in 
the collision determination step, further updating the 
position information of the first object or the second 
object stored in the storage means, thereby moving at 
least one of the first object and the second object to a 
position at which the collision determination area for 
the first object and the collision determination area for 
the second object do not overlap each other, and 

an outputting step of generating an image including the 
first object and the second object by referring to the 
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position information of the first object or the second 
object stored in the storage means, and outputting the 
image to the display means. 

11. A collision determination apparatus for determining 
whether or not a first object and a second object have 
collided against each other in a virtual space displayed by 
display means, the collision determination apparatus com 
prising: 

the display means; 
storage means for storing position information of at least 

the first object and the second object; 
updating means for updating the position information of 

the first object or the second object stored in storage 
means, 

first setting means for setting a collision determination 
area for the first object, the collision determination area 
having a shape different from the shape of the first 
object and having a size and/or a position different in 
accordance with a state of the first object or a state 
around the first object; 

second setting means for setting a collision determination 
area for the second object; and 

collision determination means for determining whether or 
not the first object and the second object have collided 
against each other by determining whether or not the 
collision determination area set for the first object and 
the collision determination area set for the second 
object overlap each other. 
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